Abstract-A 36-element monolithic grid amplifier has been fabricated. The active elements are pairs of heterojunction-bipolar-transistors. Measurements show a peak gain of 5dB at 40GHz with a 3-dB bandwidth of 1.8 GHz(4.5%). Here we also report comparisons of p a t t e r n s and tuning curves between the measurements and theory. The grid includes base stabilizing capacitors which result in a highly stable grid. The maximum saturated output power is 670 xnW at 40 GHz with a peak power-added efficiency of 4%. This is the first report of power measurements on the monolithic quasi-optical amplifier.
I. INTRODUCTION
A grid amplifier is a spatial power-combining device that amplifies a microwave beam and combines the outputs of many transistors, making it possible 'to greatly increase power [l- Other spatial-power combining approaches are actively being pursued [4-91. Recently, Higgins, Sovero and Ho demonstrated a monolithic Q-band plane-wave amplifier using slot and patch antennas [lo] . Based on the gain and stability models of the hybrid grid amplifiers [2, 3] , we reported monolithic HBT and pHEMT grid amplifiers [11, 12] . In this paper, we report additional measurements on the monolithic HBT grid amplifier, including gain, tuning curves, patterns, and power measurements. The grid has a 5-dB gain and 670-mW saturated output power at 40 GHz.
The monolithic grid amplifier, shown in Fig. 1 , is composed of 36 unit cells on a 565-pm thick GaAs substrate. There are 6 elements on each side. The length is 12 m m on one side. The grid was fabricated wil,h the BBT process established at Rockwell International [13] . The maximum available gain of an individual transistor at 40 GHz is 9 dB. . Fig. 1 . Photograph of the 36-element monolithic grid ampliiker compared with a dime. The chip is 12 mm on each side.
DESIGN
The unit cell1 is shown in Fig. 2 . The period of the unit cell is 1.9 mm. In the unit cell, the input leads re-'ceive the horizontally-polarized input beam. The input matching capacitor cancels the inductive reactance of the input lead. The stabilizing capacitor prevents commonmode oscillations. The output leads radiate the output beam with vertical polarization.
The grid-amqlifier system (Fig. 3a) , can be represented by an equivalent-circuit model (Fig. 3b) At 40GHz, the HBT input impedance for the m aimum availabk gain is 8 + j5.5 R. It is important to match the input because the resistive part of the corresponding input impedance is much lower than the freespace impedance. To match the input, the GaAs substrate acts as a quarter-wavelength transformer.
In previous grid amplifiers, common-mode oscillations were observed 1:2,3]. Hence stability is an important issue in the design. Based on the stability analysis in [2] , if stabilizing capacitors are not included, we predict the grid 
GAIN
The gain is measured in the far-field [l] . Due t o the high DC dissipation, the grid was biased for only 0.6 seconds at a time to avoid thermal damage. The gain response, from 37 to 43 GHz as shown in Fig. 4 , has a peak gain of 5 dB at 40 GHz and 3-dB bandwidth of 1.8 GHz(4.5 %). shows the output power versus the input power of the grid amplifier at three bias levels. The peak output power is 670 mW a.t 7 V with the bias current of 16 mA per transistor. Fig. 10 shows the gain and power-added efficiency versus the input power. The gain drops to 2.5 dB at the maximum output power. The peak efficiency is 4% with 500-mW output power. At 7 V, 70% of the DC power is actually dissipated in the bias lines and emitter resistors.
KV. CONCLUSION
We have deinonstrsted a 36-element monolithic HBT grid amplifier. Based on the gain and stability models, the result is a highly stable grid amplifier. The grid has a 5-dB gain at 40 GHa with 4.5% 3-dB bandwidth. The maximum measured output power is 670 mW with 4% power-added efficiency at 40 GHz.
